The vulnerable plant Dalbergia tonkinensis Prain, is a rare species, native to Vietnam. Phytochemical investigations and biological evaluations of this species are quite limited. Antimicrobial screening has suggested that, at the low dose of 1.0 mg/mL, the methanol extracts of the leaf, stem bark, and root, as well as chloroform fraction of heartwood can serve as useful sources against seven gram-positive skin microbacteria, Bacillus cereus (ATCC27522), Escherichia coli (JM109), Staphylococcus aureus (ATCC25923), Staphylococcus epidermidis (ATCC14990), Streptococcus pneumonia (ATCC49619), Streptococcus pyogenes (ATCC12344), and Vibrio parahaemolyticus (RIMD2210010), and four oral gram-positive microbacteria Streptococcus mutans (ATCC 25175), Streptococcus mitis (ATCC903), Streptococcus sobrinus (ATCC 33478), and Porphyromonas gingivalis (ATCC33277), with an inhibitory percentage of 60-80% growth for several strains Bacillus cereus, Escherichia coli, and Streptococcus pneumonia. We further assessed antimicrobial activities of the enriched diverse flavonoids from chloroform fraction of its heartwood. Extensive structural activity relationship studies showed structure function closely related to the antimicrobial activity, in which methoxylation at C-2', and 4' in isoflavanones, hydroxylation at C-3' in flavones, substitution at C-5 in isoflavones, and lactone opened ring in neoflavonoids were found to increase the effective inhibitions. In the second antimicrobial assessment, the isolated flavonoid liquiritigenin showed the MIC values of 50, and 100 µg/mL against the microbacterial strains Staphylococcus aureus subsp. aureus (ATCC 11632), and Aspergillus niger (439), respectively, whereas the MIC value of 100 µg/mL was assignable to biochanin A against microbacterium Staphylococcus aureus subsp. aureus.
Currently, infectious diseases have been emerging as the complicated public health problem around the worldwide, especially in developing countries [1] . Consequently, microbacterial organisms are harmful to healthy invidiuals, leading to a further increase in infections. Considering several microbacteria, the microbacterial pathogenic strain S. pneumoniae is a major cause of superficial skin infection in children, infections of the ear, sinus, meningitis, and pneumonia disease, while the gram positive aerobic bacterium B. cereus is always considered a contaminant organism, widely existing in soil, dust, water or hospital environments, mainly causing food poisoning and necrotizing skin infection in diabetic patients [2] [3] . Additionally, regarding the antimicrobial chemotherapy, clinical applications are seeking drugs and methods to treat bacterial infections. Historical records have accumulated evidence showing that the use of traditional antibiotics, which are derived from synthetic substances, is always accompanied by a long duration of treatment, high costs, and drug resistances [4] . Therefore, calls for new antibiotic drugs from natural sources in the fight against multidrug-resistant bacteria are warranted.
The rare plant D. tonkinensis Prain, locally name "Sua do", is a perennial and endemic species native to Vietnam. This plant shows a vulnerable level concerning the conservation status of the International Union for Conservation of Nature and Natural Resources (IUCN) Red List of Threatened Species, prohibiting exploitation, shipping and storage [5] . In addition, the evidences of phytochemical and biological studies on D. tonkinensis species are not available. Previously, we reported the bio-guided fractionations and isolations of two known flavonoids medicarpin (6), and buteaspermanol (8) , and two new flavonoids (2S)-6,8-dicarboxyethylpinocembrin (20), and (2S)-8-carboxyethylnaringenin (21) from D. tonkinensis heartwood, together with their antimicrobial assays [6] . As part of our ongoing research on pathogenic microbacterial inhibition of natural products, our continuing research has indicated important information about chemical constituents from heartwood and the antimicrobial screenings for extracts, fractions and isolated compounds. To the best of our knowledge, this is the first antimicrobial study of the methanol extracts of leaf, stem bark, root, the hot water decoction extracts of the powdered leaf, stem bark, root and heartwood after methanol extraction, the chloroform fraction of methanol extract of heartwood, the ethanol extract of root and its dichloromethane and ethyl acetate fractions, and the enriched flavonoids Chemical investigation of the ethyl acetate fraction of the methanol extract of the root of D. tonkinensis species also identified the isoflavone glycosides tectoridin (22) [12] and tectorigenin 7-O-β-Dapiofuranosyl-(1→6)-β-D-glucopyranoside (23) [13] for the first time [7] . To the best of our knowledge, 1 H and 13 C NMR data of these compounds in CD 3 OD solvents are quite limited. Therefore, they are presented in this paper.
The antimicrobial activities of the extracts (1.0 mg/mL) and isolated compounds (0.1 mg/mL) are presented by absorbance at λ 620 nm in Figures 2-12 . The interest resuts were described as the percent observations of relative bacterial growth (or relative bacterial growth inhibition) when compared with those of the positive and negative controls, and medium only (the standard compound ampicillin sodium salt evidently generated the inhibitory percentage of greater than or equal to 80 and 50% for skin and oral microbacterial, respectively; data not shown). Among the extracts, at the concentration of 1.0 mg/mL, the crude methanol extracts of leaf (DB1), stem bark (DB3), root (DB6), and heartwood chloroform fraction (DB11) showed the significant values of 80, 70, 80, and 70% in inhibiting the microbacterium S. pneumoniae, respectively, whereas the extract remainders showed no activity ( Figure 6 ). Additionally, the stem bark methanol extract (1.0 mg/mL) also possessed the rate of 60% for preventing the growth of two types of oral bacteria E. coli and B. Cereus (Figures  2-3 ). Based on these findings, the methanol solvent and Soxhlet extraction method may be responsible for the antimicrobacterial mode, along with the latent chloroform fraction DB11 would be further developments in phytochemical investigations. Similarly, the chloroform extract of D. coromandeliana stem, and the dichloromethane extract of D. melunoxylon bark were found to show notable activity against bacteria, and fungi, respectively [9, 10] .
Structural differences, stereochemistry, molecular size, the lengths of atomic bonds, extra or intramolecular hydrogen bonding, especially in terms of functional groups and their local substituents were greatly related to the outcomes in bioassays. Regarding the isolated flavonoids, among the tested compounds (0.1 mg/mL), the flavanone pinocembrin (5), and isoflavone biochanin A (11) suppressed 80% of the growth of the two bacterial strains B. cereus and S. pneumonia compared with the positive control (Figures 2 and  6) . Likewise, the strongest percentage of 80% against bacterium S. pneumonia also accounted for the isoflavanone sativanone (2), chalcone isoliquiritigenin (14), two other flavanones naringenin (3), and liquiritigenin (4), and the mixture of two isoflavanones 2+15 ( Figure 6 ). Hence, these typical flavonoids of flavanone, isoflavanone, isoflavone, or chalcone could be the best choice to argue for the mode of antimicrobacterial activity.
More recently, Cuong et al. (2017) found that compound 5 indicated an inhibitory effect on the filamentous fungus A. niger with a significant MIC value at 50 µg/mL [8] . Furthermore, in contrast to the results of the isoflavanone 15, the mixture of 2+15 revealed positive signals against 70 and 50% growth inhibition of the two pathogens B. cereus and S. epidermidis, respectively (Figures 2 and 5) . Hence, the 2'-and 4'-methoxy groups of isoflavanones 2 and 15 could serve as the most striking feature in these efficacious aspects (Figure 1) . Meanwhile, considering three flavones (16-18) and one aurone (19), only the flavanone luteolin (16) established an inhibitory effect on the oral bacterium S. epidermidis with a relative growth inhibition of 50%. Presumably, regarding the flavanones, an additional hydroxyl group at C-3' produced a significant effect, whereas hydroxylation at C-2 failed to do so. Sotres et al. (2012) indicated that the n-hexane extract of D. congestiflora heartwood, which contained a major flavonoid derivative of skeletal pterocarpan named medicarpin (6), caused 100% growth inhibition of the Trametes versicolor fungus at the dose of 250 mg/mL [11] . In the present study, as shown in numerous Figures 2, 4, 8-9 , and 12, compound 6 showed remarkably antimicrobial activities against B. cereus and V. parahaemolyticus (70% growth inhibition), and S. aureus (60%), as 160 Natural Product Communications Vol. 13 (2) 2018 Son et al.
well as the oral pathogens S. mutans and P. gingivalis (50%), whereas the inhibitory numbers of 70% growth were also calculated for a neoflavanoid 7, and a flavanone 3 (the growth inhibition of B. cereus), and two other flavanones 5 (V. parahaemolyticus), and 9 (S. pneumoniae). Significantly, in the comparison, the other neoflavanoid 3'-hyrdoxymelanettin (10) was formed by plausible hypothesis of lactone intramolecular cyclization between the exomethylene group at the carbon C-3'' and 2-methoxy group, and hydroxylation at the carbon C-4' in compound 7 showed the inactive results in any antimicrobacterial experiments. In addition, the flavanone naringenin (3) was considerably estimated to show 60% growth suppression of two types of bacteria S. epidermidis, and V. parahaemolyticus. In general, the most striking feature was that four isolated flavanones 3-5, and 9, indicated the mode regarding the substitution of hydroxyl groups at C-5, C-7, C-3', or with C-4', except for compound 13, while replacement of protons H-3, H-5, or H-8 by hydroxyl, or carboxyethyl groups in flavanones 8, 20, or 21 significantly resulted in reducing the inhibitory values. On the other hand, among three isoflavones 1, 11, 12, with an opposite property of chemical structure, compounds 1 and 12 showed no significant inhibitory activity, while isoflavone 11 was not only revealed as a latent agent that repressed the pathogenic bacteria B. cereus, and S. pneumoniae but also showed 50% growth inhibition of two other types S. epidermidis, and P. gingivalis, presumably due to the substitution at the carbon C-5 rather than C-3'.
In the second mode of antimicrobial assessment, liquiritigenin (4), and biochanin A (11) suppressed the growth of the gram positive microbacterium S. aureus with the MIC value of 100 µg/mL, but failed to inhibit the remaining microbacterial (Table 2 ). In addition, the flavanone derivative compound 11 is a hopeful agent against the filamentous fungus A. niger, which revealing the effective MIC value of 50 µg/mL. 
Experimental

General Experimental procedures:
1 H-NMR (500 MHz) and 13 C-NMR (125 MHz) were measured using a Bruker Avance 500 MHz. EI-MS was obtained from the JEOL MStation JMS-700. Column chromatography was carried out on silica gel (Si 60 F 254 , 40-63 mesh, Merck). Pre-coated TLC plates (Si 60 F 254 ) were used for analytical purposes. The compounds were visualized under UV radiation (254, 365 nm) and by spraying plates with 10% H 2 SO 4 followed by heating with a heat gun. 
Extraction and isolation:
The dried powdered heartwood of D. tonkinensis (1.0 kg) was extracted with methanol (5 x 1.5 L) over 5 days at room temperature and was concentrated under decreased pressure to yield a black crude methanol extract (46.53 g). The crude methanol extract was suspended in hot methanol-water (1:1, v/v) and was successively partitioned with n-hexane, chloroform, and ethyl acetate. The resulting chloroform fraction (39.43 g, DB11) was concentrated under decreased pressure. Using column chromatography filled with silica gel or RP-C18, seventeen flavonoids 1-5, 7, and 9-19, as well as a mixture of compounds 2+15 were isolated from fraction DB11.
Regarding the powders after methanol extraction, they were decocted in hot water (4 x 2.0 L) for 12 h and were concentrated under decreased pressure to yield a brownish-black crude extract (15.0 g, DB10) .
Regarding the dried powdered leaf, stem bark, and root, 2.0 kg of each part was administered using methanol (10.0 L) for 4 h in a Soxhlet extractor, to produce the crude extracts (300.0 g, DB1) , (198.5 g, DB3), and (200.0 g, DB6) , respectively. Similar to the procedure for heartwood, the powders after methanol extraction were then subjected to decoction in hot water (4.0 L) for 6 h to afford the extracts leaf (25.8 g, DB2), stem bark (20.4 g, DB4), and root (19.7 g, DB9). Furthermore, the crude extract of the root (DB5) was obtained using ethanol (10.0 L) for 4 h in a Soxhlet extractor, was resuspended in hot methanol-water (1:1, v/v) and then was successively partitioned with dichloromethane and ethyl acetate to yield the corresponding fractions dichloromethane (DB7), and ethyl acetate (DB8).
The fraction DB8 (30. nm. Precultured P. gingivalis was anaerobically incubated with both the extracts DB1-DB11 at concentration of 1.0 mg/mL, the isolated compounds 1-21 and a mixture of compounds 2+15 at concentration of 0.1 mg/mL and in 200 µL of Gifu anaerobic medium (GAM, Nissui, Tokyo, Japan) at 37°C for 100 h in a 96-well plate (BD Falcon, NJ, USA). The isolated compounds and the extracts of D. tonkinensis were dissolved in DMSO (Nacalai Tesque, Kyoto, Japan). The degree of turbidity in the broth culture was measured at an absorbance of 600 nm using a microplate reader (Thermo Scientific, MA, USA). Similarly, the remainning bacteria were incubated at 37 o C to an optical density of 1.0 at 620 nm. Precultured Bacillus cereus (ATCC27522), Escherichia coli (JM109), Staphylococcus aureus (ATCC25923), Staphylococcus epidermidis (ATCC14990), Streptococcus pneumonia (ATCC49619), Streptococcus pyogenes ((ATCC12344), Vibrio parahaemolyticus (RIMD2210010), Streptococcus mutans (ATCC 25175), Streptococcus mitis (ATCC903), and Streptococcus sobrinus (ATCC 33478) were incubated with both the extracts DB1-DB11 and the isolated compounds 1-21 and a mixture of compounds 2+15 at concentration 0.1 mg/mL in 200 µL of brain heart infusion medium (BHI, Gibco) at 37°C for 24 h in a 96-well plate (BD Falcon, NJ, USA). The isolated compounds and the extracts were dissolved in DMSO (Nacalai Tesque, Kyoto, Japan). The degree of turbidity in the broth culture was measured at an absorbance of 600 nm using a microplate reader (Thermo Scientific, MA, USA). Ampicillin sodium salt and DMSO were used as the positive, and negative controls, respectively.
The second model:
The antimicrobial assays were performed as described by Vanden and Vlietlinck and Xiong [6] . Briefly, compounds 4 and 11 were diluted with 10% DMSO. The in vitro antimicrobial experiments were carried out in a 96-well microtiter plate. The plates were then incubated at 37°C in 24 hours with bacteria and 30°C in 48 hours with fungal strains. The result was shown as MIC (Minimum Inhibitory Concentration) values.
